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(57) Abstract 

Peptide^opper complexes are disclosed which stimulate the growth of hair on warm-blooded animals. In one aspect of this invention, 
the pepUde-copper complexes are dipeptides or tripeptides chelated to copper at a molar ratio ranging from about 1:1 to 3:1, with the secoml 
position of the peptide from the amino terminus being histidine, arginine or a derivative diereof. The peptide-copper complexes may be 
formulated for administration by, for example, topical application or injection. Any affliction associated with hair loss, including hair loss 
associated with both androgenetic and seccmdaiy alopecia, may be treated with the peptide-copper complexes of this Invention. 
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STIMULATION OF HAIR GROWTH 
BY PEPTIDE COPPER COMPLEXES 

Technical Field 

5 This inventioii relates generally to peptide-copper complexes and, more 

specifically, to compositions containmg peptide-copper complexes for stimulating hair 
growth. \ 

\ 

Background of the Invention 
10 Hair loss is a prevalent afOiction of many humans, the most common being 

androgenetic alopecia (AGA) where males lose scalp hair as they get older (i.e., male 
pattern baldness). Other hair loss afiOictions include alopecia areata (AA), female pattern 
baldness and hair loss secondary to chemotherapy and/or radiation treatment (i.e.,. 
secondary alopecia). 

15 Hair is normally divided into two types: "terminal" and "vellus''. Terminal hair is 

coarse, pigmented hair which arises from follicles which are developed deep within the 
dermis. Vellus hairs are typically thin, non-pigmented hairs which grow from hair 
follicles which are smaller and located superficially in the dermis. As alopecia 
progresses, there is a change from terminal to vellus type hair. Other changes that 

20 contribute to alopecia are alterations in the growth cycle of hair. Hair typically 
progresses through three cycles, anagen (active hair growth), catagen (transition phase), 
and telogen (resting phase during which the hair shaft is shed prior to new growth). As 
baldness progresses, there is a shift in the percentages of hair follicles in each phase with 
the majority shifting fix)m anagen to telogen. The size of hair follicles is also known to 

25 decrease while the total number remains rdatively constant. 

A variety of procedures and drugs have been utilized in an attempt to treat hair 
loss. A common technique mvolves hair transplantation. Briefly, plugs of skin 
containing hair are transplanted from areas of the scalp where hair was growing to balid 
or balding areas of the scalp. This procedure, however, is time-consuming and relatively 

30 painful. Other approaches include ultra-violet radiation and exerdse therapy. 

More recently, the stimulating hair growth has been achieved, although with 
limited success, by drug therapy. One of the most well-recognized hair-growth agents is 
sold under the tradename ""Minoxidil", as disclosed in U. S. Patent No. 4,596,812 
asdgned to Upjoha However, while the results generated through the use of Mino^ddil 

35 have s^peared promising, there is still a need in the art for improved compo^tions 
capable of stimulating the growth of hair in warm-blooded aiumals. To this end, certain 
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peptide-copper complexes have been found to be eflfeaive hair-gro^vth agents. For 
example, U.S. Patent Nos. 5,177,061, 5,120,831 and 5,214,032 disclose certain peptide- 
copper complexes which are efiective in stimulating the growth of hair in warm-blooded 
animals. 

5 While significant progress has been made in the stimulation of hair-growth by 

drug treatment, there is still a need in the art for compounds which have greater 
stimulatory effect on hair growth. The present invention fulfills this need, while fiirther 
providing other related advantages. 



10 Summary of the Invention 

Briefly stated, the present invention is directed to peptide-copper complexes, and 
compositions containing the same, for stimulating the growth of hair m warm-blooded 
animals. Compositions of this invention include one or more peptide-copper complexes 
in combination with an acceptable carrier or diluent As used herein, the term "copper" 

15 is used to designate copper(n) (i.e., Cu+2). 

The peptide-copper complexes of this invention are administered to an animal in 
need thereof in a manner which results in the application of an effective amount^ of the 
peptide-copper complex. As used herein, the tenn "effective amount" means an amount 
of the peptide-copper complex which stimulates hau- growth associated with a hair-loss 

20 afflications (such as male pattern baldness) or caused by a hair-loss insult (such as 
radiation or chemotherapy). Thus, the peptide-copper complexes may be used 
propylactically, as well as therapeutically and cosmetically. Administration of the 
peptide-copper complexes is preferably by topical application, although other avenues of 
administration may be employed, such as irqection (e.g., intramuscular, intravenous, 

25 subcutaneous and intradermal). Typically, the peptide-copper complexes of this 
invention are formulated as a solution, cream or gel for topical application, or as a 
solution for injection, and include one or more acceptable carriers or diluents. 

As used herein, the term "peptide-copper complex" means a peptide having at 
least two amino adds (or amino acid derivatives) chelated to copper, wherem the second 

30 amino acid fi^om the amino terminus of tiie peptide is histidine, argimne or a derivative 
thereof. Such peptide-copper complexes have the following general structure A: 

A: (Ri-R2]:copper(II) 
wherein: 

is an amino acid or an amino acid derivative; and 
35 R2 is histidine, ar^nine or a derivative thereof 
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The peptide-copper complexes of this invention have a ratio of peptide to copper 
ranging from about 1:1 to about 3:1, and more preferably from about 1:1 to about 2:1. 
In short, a component of the peptide occupies at least one corrordination ^te of the 
copper ion, and multiple peptides may be chelated to a single copper ion. 
5 In a preferred embodiment, the peptide-copper complex comprises a fijrther 

chemical moiety linked to the R2 moiety of structure A by an amide or peptide bond. 
(i.e., -C(=0)NH-). In this embodiment, the peptide-copper complex has the following 
structure B: 

B: [Ri-R2-R3]-copper(II) 
10 wherein: 

Rj is an amino acid or amino acid derivative; 

R2 is histidine, arginine or a derivative thereof; and 

R3 is a chemical moiety joined to R2 by an amide bond. 

in a fiirther preferred embodiment, R3 of structure B is at least one amino add 
IS joined to R2 by a peptide bond. In this embodiment, the peptide-copper complex has the 
following structure C: 

C: |Ri-R2-R3]:copper(II) 
wherein: 

Ki is an amino acid or amino acid derivative; 
20 R2 is histidine, ar^nine or a derivative thereof, and 

R3 is an amino acid or amino acid d«ivative joined to R2 by a peptide 
bond, with the proviso that Ri is not glycyl, alanyl, seryl or valyl when R2 is histidyl or 
(3-methyl)histidyl and R3 is lysine, lysyl-prolyl-valyl-phenylalanyl-valine, lysyl-valyl- 
pheitykilanyl-valine, lysyl-tryptophan, or lysyl-(giycyl)i.2-tiyptophan, and with the 
25 fiirther proviso that Rj is not lysyl when R2 is histidyl or (3-methyl)histidyl and R3 is 
glycine, glycyl-proljd-valjd-phenylaianyl-valine, glycyl-valyl-phenylalanyl-valine, glycyl- 
tiyptophan, or glycyl-(glycyl)i.2-tryptophan 

In still a fiirther embodiment of the present invention, an additional chelating 
agent may be added to the peptide-copper complexes disclosed above to form a ternary 
30 peptide-copper-chelating agent complex. 

Other aspects of the present invention will become evident upon reference to the 
fi>llowing detailed description. 
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Detailed Description of the Livention 

This invention is directed to peptide^opper complexes vMch stimulate the 
growth of hair on warm-blooded animals. Such complexes are typically administered as 
a composition containing acceptable diluents and/or carriers. Administration is 
5 preferably by topical application directly to the area where stimulation of hair gro^ is 
de^ed, such as the scalp, although other routes of administration may be employed. 

The peptide-copper complexes of this invention may l^e used to stimulate hair 
growth in animals (including humans) afiOicted with androgenetic alopecia (AGA).i 
Animals afiOicted with this condition are usually male, and the condition resuhs in the 

10 loss of scalp hair with age (also called "male pattern baldness"). Thus, the peptide- 
copper complexes may be administered in order to stimulate hair growth, thereby 
eliminating or reducing the severity of hair loss and/or the speed at which AGA 
progresses. Other hair loss aflQictions include alopecia areata (AA), female pattern 
baldness and hair loss secondary to chemotherapy and/or radiation treatment (i.e., 

15 secondary alopecia). In the case of secondary alopecia, the peptide-copper complexes 
may be used in advance of certam hair-loss insults, such as chemotherapy or radiation 
regiments, to stunulating hair growth prior to the insuh and thereby reduce the amount 
of hair loss resulting therefrom. 

As mentioned above, the peptide-copper complexes of the present invention have 

20 at least two amino acids (or amino add derivatives), one of which is histidine, arginine or 
a derivative thereof In this context, the peptide-copper complexes have structure A as 
identified above. For example, when Rj is an amino acid and R2 is histidyl, or when Rj 
is an amino acid and R2 is arginine, the peptide copper complex has the foUowing 
structures D and E, respectively: 

25 D: [(ammo acid)-histidine]:copper(n) 

E: {(amino acid)-arginine]:copper(I]^ 

As used m structure A above, the terms "amino acid" and "amino add derivative" 
are defined hereinbelow. An amino add of this invention includes any carboxylic add 
having an amino moiety, including (but not limited to) the naturally occuring a-aminb 
30 adds On the following listing, the single letter amino add designations are given in 
parentheses): alanine (A), ai^^rune (R), asparagine (N), asfpartic add (D), cysteine (C), 
glutamine (Q), ghitamic acid (E), glycme (G), histidme (H), isoleucine (I), leucine CL), 
lyane (K), methionine (M), phenylalaiune (F), proline (P), serine (S), threonme (T), 
tryptophan (W), tyrosine (Y) and valine (V). Other naturally occuring amino acids 
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indude (but are not limited to) Iqrdroxyproline and y-carboT^ghitamate. In a preferred 
embodiment, the amino add is a naturaDy occuring a-amino add having an amino 
moiety (i.e., the -NH2 group, rather than a secondary amine, -NH-, sudi as presoit in 
proUne) attached to the a-carbon of the amino add which, when chelated to copper, 
occupies a coordination site thereof. As used herein, "hydrophillic amino adds" mdude 
(but are not limited to) the amino adds selected from K, R, D, E, N, Q, C, M, S and 
T. 

An amino add derivative of this invention inchides ai^ compound having the 
structure: 

NH-CH-COOH 
I I 
Rj R2 

wherein R is a derivative of a naturally occurring amino acid side chain. Jn one 
embodiment, Rj and R2 in thie above structure may be selected from hydrogen, a 
substituted or unsubstituted, straight chain, branched or cyclic, saturated or unsaturated 
IS all^ moiety containing from 1-20 cart)on atoms, and a substituted or unsubstituted aiyl 
moiety containing from 6-20 carbon atoms (including heteroaromatic moieties). In a 
preferred embodimait, Rj and R2 may be sdected from the chemical moieties identified 
in Table 1 bdow. 

Table! 

20 Amino Add Derivatives 

NH-CH-COOH 
I I 
Rj R2 

Where R2 = H or the following moieties: 

-(CH2)nCH3 where n = 1-20 

-(CH2)nCH(CH3)(CH2)mCH3 where n, m = 0-20 
(when n = 0, m ?i 0 or 1 and when n = 1, m 0) 
-(CH2)nNH2 where n = 1-20 (n*4) 
-(CH2)nCONH2 where n = 3-20 
-(CH2)nC00H where n = 3-20 



- (CH2)n-^ where n = 2-20 
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— (CH2)n-<Q>-0H where n = 2-20 

— (CH2)n-jj^ — where n = 2-20 




N 
H 

.(CH2)nSH where n = 2-20 
-(CH2)nS(CH2)mCH3 where n. m = 1-20 

(when n = 2, m 9i 0) 
-(CH2)nCH20H where n = 1-20 
-(CH2)nCH(CH3)OH where n = 1-20 

And where - H or the following moieties: 

-(CH2)nCH3 where n = 0-20 
-(CH2)nCH(CH3XCH2)niCH3 where n, m = 0-20 



Hstidine derivatives of this invention include compounds having the structure; 

-CH— C< 

(CH2\, 



NH2~CH— COOH 



X 

where n - 1-20, and X and Y are independoitly selected from alkyl moieties containiiig 
5 from 1-12 caibon atoms or an aiyl moiety containing fit>m 6-12 carbon atoms. Jn 
preferred embodunents, n is 1, X is meth)d and Y is H O-e., 3-metfi^ hisddyl) or X is H 
and Y is metl^l 0.e., 5-m^^ histidine). 

Sunilariy, ai:^nine derivath^es of this invention include compounds having the 
structure: 

NHo-CH— COOH 

NH 

I 

C=NH 
I 

10 ^ 
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where n = 1-20 (excluding n = 3). 

In another embodiment of this invention, the peptide-copper complexes of 
structure A further comprise a chemical moiety linked to the R2 moiety by an amide or 
peptide bond. (i.e., -C(-0)NH-). The peptide-copper complexes of this embodiment are 
5 depicted above as structure B. As used herein, a chemical moiety (i.e., R3) linked to the 
R2 moiety by an amide bond inchides way chemical moiety having an aminb group 
capable of forming an amide linkage with the caibojtyl terminus of R2 the caiboxyl 
terminus of histidine, arginine, or derivatives thoeof). Siutable R3 moieties inchide (but 
are not limited to) -NH2, alkylamino moieties having from 1-20 carbon atoms and 

10 aiylamino moieties having from 6-20 caibon atoms, as well as amino adds and 
derivatives thereof As used herein, "alkylamino moieties" include alkyl moieties 
containing an amino moiety, v^erein the alkyl moiety is as defined abov^ and includes 
(but is not Umited to) octyl amine and propyl amine. Similariy, "aiylamino moieties" 
include aryl moeties containmg an amino moiety, wherein the axyl moiety is as defined 

15 above, and includes (but is not limited to) ben2ylaniine and benzyl-(CH2)i.i4-amine. 
Further examples of suitable chemical moieties having amino groups cspOAt of forming 
an amide linkage vnth the carboxyl terminus of R2 include polyamines such as spermine 
and sperimidine. 

For example, in structure B when Rj b an amino add, R2 is histidine or aiginine, 
20 and R3 is an amino moiety, the peptide-copper complex has tfie followmg structures F 
and G, respectivdy: 

F: [(amiiio add)-histidine-NEl2]:copper(i[Q 

G: [(amino add>aiginine-NH2]-C0PP«^ 
Similariy, when Ri is an amino add, R2 is histidine or aiginine, and R3 is an alkylamino 
25 moiety, the peptide-copper complex has tiie following structures H and I, respectively: 

H: [(amino acid)-histidine-NH-alkyl]:copper(II) 
I: [(amino acid)-aigh)ine-NH-alltyl]:copper(II) 

&i yet a fiuther embodiment (as represented by structure C above), the R3 
30 moiety of structure B is at least one an amino acid or an amino add derivative as defined 
above. In a preferred embodiment, R3 is a naturally occuring a-amino add joined to R2 
by a peptide bond. For example, when Rj and R3 of structure C are amino adds, and 
R2 is histidine or aiginine, the peptide-copper complexes of tiiis invention have the 
following structures J and K, respectively: 
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J: [(amino acid)-histidme-(anuno acid)]:copper(II) 

K: [(amino acid)-arginine-(amino acid)]:copper(II) 

It should be understood that while only a single amino add is depicted in the R3 position 
of structures H and I, other chemical moieties may also be present, including additional 
5 amino acids and/or amino add derivatives. For example, R3 in structures H and I'may 
be a peptide such as phenylalanine-phenylalanine, (glycyl)n-tjyptophan where n = 1-4, 
prolyl-Xi-phenylalanyl-X2 or Xi-phertylalanyI-X2 where and X2 are selected from 
valine, alanine and glydne. 

The peptides of the peptide-copper complexes of this invention may generally be 

10 classified as dipeptides (i.e, structure A), dipeptides with a chemical moiety attached to 
the carboxyl terminus via an amide bpnd (i.e., structure B) or as tripeptides 0.e., 
structure C above). In the case of peptide-copper complies of structures B and C, 
additional chemical moieties, including amino adds, may be joined to the dipeptide or 
tripeptide to yield peptides containing four or more amino adds. For purpose of 

15 illustratation, Table 2 presents various representative examples of peptide-copper 
complexes of this invention. 



Table 2 

Representative Peptide-Copper Complexes 
Structure A: 



glycyl-histidine: copper 
glycyl-(3-methyl)histidine:copper 
glycyl-(5-methyl)histidine:copper 

glycyl-arginine:copper 
(NF-methyl)glycine-histidine:copper 

Structures 

glycyl-histidyl-NH2:copper 
gly(^l-(3-methyI)histidyl-NH2:copper 

glycyl-arginyl-NH2:copper 
(N-methyl)glycine-histidyl-NH2 rcopper 
gly(^l-histidyl-NHoctyl:copper 



alanyl-histidine:copper 
alanyl-(3-methyl)histidine:copper 
alanyl-(S-methyl)histidine:copper 

alanyl-argininercopper 
(N-methyl)glydne-ai^nine:copper 



glycyl-arginyl-NH2:copper 
alanyl-(3-methyl)histidyl-NH2-^PP^r 

alanyl-arginyl-NH2 rcopper 
(N-methyl)glycine-arginyl-NH2:copper 
glycyl-arginyl-NHoctyl:copper 
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Structure C: 



glycyI-histidyMysine:copper 
glycyI-(3-methyl)histidyl-lysine:copper 

aIanyl-histidyHysine:copper 

aIanyl-(3 -methyl)histidyl-lysine : copper 

glycyl-histidyl-phenylalaninexopper 

gIycjd-(3-inethyI)histidyl- 
phenylalanine: copper 

alany]-histidyl-phenylalanine:copper 

alanyl-(3-methyl)histidyl- 
phenylalaninexopper 

glycyl-histidyl-lysyl-phenylalanyl- 
phenylalanylxopper 

glycyl-(3-methyl)histidyHysyl-phenylalanyl- 
phenylalanylrcopper 

(N«-methyl)glycyl»histidyMysine:copper 



gIycyl-arginyl-lysine:copper 
glycyl-(5-methyl)histidyl-lysine:copper 

alanyl-arginyl-lysineicoppef t 

aIanyl-(5-methyl)histidyl-lysine:copper 

glycyl-ar^yl-phenylalanine: copper 

glycyl-(5-methyl)histidyl- 
phenylalaninercopper 

alanyl-arginyl-phenylalaninexopper 

alanyI-(5-methyl)histidyl- 
phenylalaninexopper 

glycyl-arginyl-lysyl-phenylalanyl- 
phenylalanylxopper 

glycyl-(5-methyl)histidyl-lysyl- 
phenylalanyl-phenylalanylxopper 

(N-inethyl)glycyl-arginyI-lysine:copper 



Further examples of peptide-copper complexes of this invention are disclosed in 
U.S. Patent Nos. 5,118,665 and 5,164,367, as weU as U.S. Patent Nos. 4,760,051; 
5 4,665,054; 4,877,770; 5,177,061; 4,810,693; 4,767,753; 5,135,913; 5,023,237; 
5,059,588 and 5,120,831, all of v^ch are incorporated herein by reference in thdr 
entirety. Thus, the peptide-copper complexes disclosed in the above U.S. patents may 
be used to stimulate hair growth in anunals (including humans) afflicted with 
androgenetic alopecia (AGA) or male pattern baldness, thereby eliminating or reducing 

10 the severity of hair loss and/or the speed at which AGA progresses. These pq)tide- 
copper complexes may also by used to treat other hdr loss afflictions, include alopecia 
areata, female pattern baldness and hair loss secondary to chemotherapy and/or radiation 
treatment (}.t.j secondary alopeda). In the case of secondary alopecia, the peptide- 
copper complexes may be used to stimulate hair growth prior to a insults which normally 

15 result in hair loss, such as chemotherapy or radiation regiments. Thus, the peptide* 
copper complexes of this invention may be used to prevent hair loss. 

In the practice of this invention, the molar ratio of peptide to copper is greater 
than zero to one (e.g., 0.1:1, 0.2:1, etc.). The molar ratio of peptide to copper will 
depend, in part, on the number of copper coordination sites that are occupied by the 
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peptide. In a preferred embodiment, the molar ratio of peptide to copper ranges from 
about 1 : 1 to 3 : 1, and more preferably from about 1 : 1 to 2: 1. For example, in the case of 
a tripeptide (such as GHFxopper), the preferred ratio of peptide to copper ranges from 
1:1 to 2:1, with each tripeptide occupying three coordination sites of the copper. 
5 Similarly, with a dipeptide (such as GHrcopper), the preferred ratio of peptide to copper 
ranges from 1:1 to 3:1, with each dipeptide occupying two coordination ates of cdpper 
ion. 

In another embodiment of this invention, a chelating agent may be added to the 
peptide-copper complex to form a ternary peptide-copper-chelating agent complex. 

10 Suitable chelating agents include imidazole or imidazole-contdning compounds, such as 
histidine, and sulfur contmning amino acids, such as q^steine or methionine. Thus, if the 
peptide-copper complex is GHFrcopper, histidine may be added to yield the ternary 
complex GI]F:copper:histidine. However, to form such a ternary complex, the molar 
ratio of copper to peptide to chelating agent must be considered. For example, if the 

15 ratio of peptide to copper is 2:1» the addition of a chelating agent to the peptide-copper 
complex, although possible, is difficult due to site occupancy by the peptide. However, 
by maintaining the ratio of peptide to copper near 1:1, a chelating group may readily be 
added to form the ternary complex. Thus, the preferred peptide to copper to chelating 
agent ratio is about 1:1:1. 

20 While the chiral ammo acids of the present invention (particularly the amino 

acids) have not been specifically designated, the present invention encompasses both the 
naturally occuring L-form, as well as the D-form. For example, any of the naturally 
occuring L-amino acids (or anuno acid derivatives) disclosed herein may be replaced by 
a corresponding D-amino add (or amino acid derivative). 

25 In the practice of tlus invention, it is critical that the second position of the 

peptide Q.e., R2 of structures A, B and C) is dther histidine, arginine or a derivative 
thereof It is believed that the superior efifect of the peptide-copper complexes of the 
present invention is achieved, at least in part, by the bmding of copper by an amino 
moiety of the anuno acid side diain of histidine, axgmine or derivitive thereof For 

30 example, in the case of histidine, an amine group of the histidine imidazole ring occupies 
a coordination site of the copper (i.e., the residual valencies or unshared dectrions of the 
amme group are shared with copper). In the case of arginine, an amine group of the 
amino add side chain similarly occupies a coordination site of copper. The binding of 
R2 to the copper atom is preferably combined with the coordination of an amine group 

35 from the Rj moiety of structures A, B and C, to yield the peptide-copper complex. 
Thus, a peptide of this invention chelates copper by donating the R2 amme group, and 
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preferably both the R] and R2 amine groups, to the peptideH;opper complex. The 
peptide-copper complexes of structures B and C can further occupy additional 
coordination sites on copper. Specifically, the amine group of the amide bond of 
structure B and the peptide bond of structure C can occupy yet a further coordination 
5 sites. 

As mentioned above, the peptide-copper complexes of this invention have utility 
as hair growth agents. More particularly, the peptide-copper complexes stimulates hair 
growth on warm-blooded animals. Thus, the peptide-copper complexes may be used to 
treat a variety of diseases states associated with hair loss, including (but not limited to) 

10 androgenetic alopecia (also know as male pattern baldness), alopecia areata and female 
pattern baldness. In these instances, the peptide-copper complexes stimulates the 
growth of hair after the onset of the hair-loss affliction. Alternatively, the peptide- 
copper complexes may be administered prophylactically for conditions such as secondary 
alopecia. For example, the complexes may be administered prior to an insult which 

15 normally results in hair loss, such as chemotherapy and/or radiation treatment. Thus, the 
peptide-copper complexes of this invention can be used to prevent hair loss. 

Administration of the peptide-copper complexes of the present invention may be 
accomplished in any manner which will resuh in the delivery of an effective amount or 
dose of the peptide-copper complex to the animal, including delivery to the hair follicles. 

20 For example, administration may be by topical application directly to the scalp, or other 
area where hair stimulation is desired (heremafler "the treatment area"). Alternatively, 
administration may also be accomplished by injection (such as intradermal injection) into 
the treatment area, including the scalp. Typically, the peptide-copper complexes are 
formulated as a composition containing the peptide-copper complex in combination with 

25 on or more acceptable carriers or diluents, including formulations which provide for the 
sustained release of the peptide-copper complexes over time. 

In one embodiment, the peptide-copper complexes are formulated for intradermal 
injection to the treatment area. In such instances, such formulations preferably contam 
one or more peptide-copper complexes of this inventioii in combination with a Stable 

30 vehicle for intradermal injection, with the peptide-copper complex present in the 
composition at a concentration ran^g fi-om 100 ^g to 2000 ^g per 0.1 ml vehicle Q.e., 
1.0 mg/ml to 20 mg/ml). Suitable vehicles for intradermal injection inchide (but are not 
limited to) saline and sterile water. 

In another embodiment, the peptide-copper complexes are formulated for topical 

35 administration. Suitable topical formulations include one or more peptide-copper 
complexes in the form of a liquid, lotion, cream or and gel. Topical administration may 
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be accomplished by application directly on the treatment area. For example, such 
application may be accomplished by nibbing the formulation (such as a lotion or gel) 
onto the skin of the treatment area, or by spray application of a liquid formulation onto 
the treatment area. Any quantity of the topical formulation sufficient to accelerate the 
5 rate of hair growth or prevent subsequent hair loss is effective, and treatment may be 
repeated as often as the progress of hair growth indicates. Preferable, the topical 
compositions of this invention contain one or more peptide-copper complies in an 
amount ranging from 0.1% to 20% \fy weight of the composition, and more preferabty 
from 0. 1% to 5% by weight of the composition. 

10 In addition to carriers and diluents, the peptide-copper complexes may also be 

formulated to contain additional ingredients such as penetration enhancement agents 
and/or surface active agents. For example, topical formulations may contam 0.5% to 
10% of one or more surface active agents (also called emulsifying agents). Non-ionic 
sur&ce active agents and ionic sur&ce active agents may be used for the purposes of the 

15 present invention. Examples of suitable non-ionic sui&ce active agents are 
nonylphenoxypolyethoxy ethanol (Nonoxynol-9), polyoxyethylene oleyl ether (Brij-97), 
various polyoxyethylene ethers (Tritons), and block copolymers of ethylene o?dde and 
propylene oxide of various molecular wdghts (such as Pluronic 68). Examples of 
suitable ionic sur&ce active agents include soctium lauryl sulfate and sinular compounds. 

20 Penetration enhancing agents may be also be present in topical formulations. Suitable 
penetration enhancing agents include dimethyl sulfoxide (DMSO), urea and substituted 
urea compounds. In the case of a liquid formulation for topical administration, the 
concentration of the penetrating enhancing agcait (such as DMSO) may range from 30% 
to 80% of liquid formulatioa 

25 The balance of the topical formulations may include inert, plQfsiologjcalty 

acceptable carriers or diluents. Suitable carriers or diluents include, but are not limited 
to, water, physiological saline, bacteriostatic saline (saline containing 0.9 mg/ml benzyl 
alcohol), petrolatum based creams (e.g., USP Mrophilic ointments and amilar creams, 
Unibase, Parke-Davis, for sample), various ^es of pharmaceutically acceptable gds, 

30 and short chain alcohols and glycols (e.g., ethyl alcohol and propylene glycol). In 
another embodiment of the invention, topical formulations may also contjun the peptide- 
copper complex encapsulated in liposomes to aid in the delivery of the peptide-copper 
complex to tiie hair follicle. Alternatively, tiie peptide-copper complex may be 
formulated in an instrument to deliver the compound via iontophoresis. 

35 The peptide-copper complexes of this invention exhibit superior skm permeability 

when applied topically. This results in a greater effective dose to the treatment area, and 
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thus correspondingly greater stimulation of hair growth. In the practice of this 
invention, hydrophobic amino acids or amino acid derivatives are preferably used for 
administration by injection (such as intradermal injection), while hydrophilic amino acids 
or amino add derivatives are used for topical administration. While the use of 
5 hydrophobic amino adds or amino add derivatives generally enhance activity of the 
copper-peptide complices of this invention, the use of hydrophihc amino adds or amino 
adds derivatives for topical administration is prefered dute to the enhanced skin 
permeability assodated therewith. 

For purpose of illustration. Table 3 presents examples of suitable topical 
10 fonnulations within the context of the present invention. As used bdow, "% (wAv)" 
represents the weight percentage of a component based on the total wdght of the 
formulation: 

Tables 

Representative Topical Formulatoin.<} 

15 

Preparation A : 

Peptide-Copper Complex 1 .0% (w/w) 

Hydroxy Ethyl Cellulose 3.0% (w/w) 

Propylene Glycol 20.0% (w/w) 

20 Nonoxynol-9 3.0% (w/w) 

Benz>d Alcohol 2.0% (w/w) 

Aqueous Phosphate Buffer (0.2N) 71.0% (w/w) 
Preparation B : 

Peptide-Coppo- Con^lex 1.0% (w/w) 

25 Nono7grnol-9 3.0% (w/w) 

Ethyl Alcohol 96.0% (w/w) 
Preparation C : 

Peptide-Coppo- Complex 5.0% (w/w) 

Ethyl Alcohol 47.5% (w/w) 

30 Isopropyl Alcohol 4.0% (w/w) 

Propylene Glycol 20.0% (w/w) 

Lanoeth-4 1.0%(w/w) 

Water 27.5% (w/w) 
Preparation D : 

35 Peptide-Copper Complex 5.0% (w/w) 

Sterile Water 95.0% (w/w) 
Preparation E: 

Peptide-Copper Complex 2.5% (w/w) 

Hydroxypropyl Cellulose 2.0% (w/w) 

40 Glycerine 20.0% (w/w) 

Nonoxynol-9 3.0% (w/w) 

Sterile Water 72.5% (w/w) 
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Preparation F : 

Peptide-Copper Complex 0.5% (w/w) 

Sterile Water 16,5% (w/w) 

Propylene Glycol 50.0% (w/w) 

5 Ethanol 30.0% (w/w) 

Nonoxynol-9 3.0% (w/w) 

Preparation G : 

Peptide-Copper Complex 5.0% (w/w) 

Sterile Water 10.0% (w/w) 

10 Hydroxypropyl Cellulose 2.0% (w/w) 

Propylene Glycol 30.0% (w/w) 

Ethanol 50.0% (w/w) 

Nonoxynol-9 3.0% (w/w) 

The peptides of the present invention may be synthesized by dther solution or 
15 solid phase techniques known to one skilled in the art of peptide synthesis. The general 
procedure involves the stepwise addition of protected amino adds to build up the 
desired peptide sequence. The resulting peptide may then be complexed to copper (at 
the desired molar ratio of peptide to copper) by dissolving the peptide in water, followed 
by the addition of copper chloride and adjustmg the pH. A more detailed disclosure 
20 directed to the synthesis of the peptide-copper complexes of this invention, as well as the 
activity certain representative peptide-copper complexes, are presented below. 



EXAMPLES 

The following examples are oflFered by way of illustration, and not by way of 
25 limitation. To summarize the examples that follow. Example 1 discloses the general 
preparation of peptide-copper complexes of the present invention by chelating a peptide 
to copper in an aqueous solution. Examples 2-10 disclose the synthesis of peptides 
which may be chelated to copper to yield peptide-copper complexes. Examples 1 1-16 
disclose the ability of representative peptide-copper complexes of this invention to 
30 stimulate hair growth. 



Source of Chemicals 

Chemicals and peptide intermediates utilized in the following examples may be 
purchased from a number of suppliers, including: Sigma Chemical So., St. Louis, 
35 Missouri; Peninsula Laboratories, San Carlos, California; Aldrich Chemical Company, 
Milwaukee, Wisconsin; Vega Biochemicals, Tucson, Arizona; Pierce Chenucal Co., 
Rockford, Illinois; Research Biochemicals, Clevdand, Ohio; Van Waters and Rogers, 
South San Francisco, California; and Bachem, Inc., Torrance, California. 
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Example 1 
Preparation of Peptide-Copper Complex 
The peptide-copper complexes of the present invention may be synthesized by 
5 dissolving the peptide in distiUed water, followed by the addition of copper chloride 
(e.g., 99.999% available from Chemical Dynamics, N.J.) and then adjusting the pH of 
the solution to about 7.0. For example, copper complexes of glycyl-L-histidyl-L- 
phenylalanine (GHF) with a molar ratio of peptide to copper of 1 : 1, 2: 1, or greater (e.g., 
3:1), may be prepared by dissolving a given weight of GHF in distilled water (e.g., 50 
10 mg/ml), and adding the desired molar amount of purified copper-chloride. The pH of 
tiie resulting peptide solution is tiien adjusted to about 7.0 by the addition of, for 
example, a sodium Iqrdroxide solution. Alternatively, copper salts otiier than copper 
chloride may be used, for example, copper acetate, copper sul&te or copper nitrate. 



15 Example 2 

Synthesis of GVcvl-L-ffistidvl-L-Caprolactam 
L(-)-3-ammo-8-caprolactam was dissolved in tetrahydro&ran (THF) then 
coupled with N^-t-butyIoxycaibonyl-N'^4)enzyloxycarbonyl-I^histid^^ (N^-BOC- 
KP'W-CBZ-L-histidine) using isobutyl chloroformate and N-methylmorpholine m THF. 

20 After two hours at -20'*C and an additional hour at ambient temperature, the reaction 
was quenched with 2N aqueous potassium bicarbonate. This product was extracted into 
ethyl acetate, washed with IM aqueous dtric acid, and saturated sodium bicarbonate. 
The organic phase was dried over anhydrous sodium sulfete. Filtration and evaporation 
gave N^-BOC-N^'W-CBZ-L-histidyl-L-caprolactam. 

25 The above compound was dissolved in 30% trifluoroacetic add in 

dichloromethane for 30 minutes, then evaporated, forming N'^^-benzylo^qrcaibonyl-L- 
histidyl-L-caproIactam. This was then dissolved in tetrahydrofiiran, and isobutyl 
chloroformate, N-methylmorphoIine and benzyloxycarbonyl-glycine were added to form 
ben:gdoxycarbonyI-glycyl-N^'''.ben2yloxycarbonyl-L-histidyl-L- This 

30 product was recrystallized once from ethyl acetate then dissolved in acetic acid and 
hydrogenated overnight in the presence of 10% Pd-C catalyst. The resultant glycyl-L- 
histidyl-L-caprolactam was lyophiiized from water several times, then purified by liquid 
chromatography on a C- 18 reverse-phase column to yield the peptide as a diacetate salt. 
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Example 3 

Synthesis ofL-Alanvl-T.-Histidvl-T^Phenvlalaning 
To a stirred solution of N«-BOC-N"»-CBZ-L-histidine (9.74g, 25.0mmol) and 
N-methylmorpholine (5.8mL, 5.3g, 52.5nimol) in tetrahydrofiiran (50mL) at -15»C was 
added isobutyl chloroformate (3.4mL, 3.6g. 26.3nimol). After 2 min. phenylalanine 
benzyl ester tosylate (10.7g, 25.0mmol) was added. The reaction mixture was stirred at 
-IST for 1.5h and then aUowed to warm to OX. At t^iis time the reaction was 
quenched by tiie addition of 2M aqueous potassium bicarbonate. The products were 
extracted with ethyl acetate (3 x ISOmL). The combined extracts were washed with IM 
citric acid (3 x lOOmL), water, 2M KHCO3 (3 x lOOmL). water, and brine. The 
resulting solution was dried over sodium sulfete, filtered, and evaporated to give 13.7g 
(87%) of the blocked dipeptide as a white semi-solid (ly = 0.75, 10% 
methanoydichloromethane), which was used in the foUowing transformation without 
further purification. 

15 A solution of the t-butyloxycari)onyl protected dipeptide (12.9g, 20.6mmol) in 

35% trifluoroacetic acid/dichloromethane (150mL) was , stirred l/2h at room 
temperature. The resulting sohition was concentrated in vacuo and neutralized with 2M 
aqueous potassium bicarbonate. The product was extracted into ethyl acetate (3 x 
150niL). The combined extracts were dried over sodhim sulfitte, filtered, and 
20 evaporated to give 13.3g (ca. 100% + entramed solvent) of the free-amino compoiind as 
a white solid: 1^= 0.49 (10% methanol/dichloromethane). 

To a stirred solution of N-CBZ-L-alanine (6.03g, 27.0mmol) and N- 
methylmorpholine (3.3mL, 3.0g, 29.7mmol) in tetrahydrofuran (50mL) at -15«C was 
added isobutyl chloroformate (3.7mL, 3.9g, 28.4mraol). After 2min. a solution of the 
25 suitably protected dipeptide (11. 4g, 21.8mmol) in tetrahydrofuran (SOmL) was added. 
The reaction mixture was stirred at -15*C for 1.5h and then allowed to warm to O^C. At 
this time the reaction was quenched by the addition of 2M aqueous potassium 
bicarbonate. The products were extracted with ethyl acetate (3 x lOOmL). The 
combined extracts were washed with IM citric acid (3 x lOOmL), water, 2M KHCOsp 
30 x lOOmL), water, and brine. The resulting solution was dried over sodium sulfate, 
filtered, and evaporated to give the blocked tripeptide as a white solid (R/= 0,55, 10% 
methanol/dichloromethane), which was reciystallized fi-om 95% ethanol to give 12.6g 
(79%) of a fi-ee-flowing white powder: mp 147-147.5X; Anal. Calcd. for 
C41H40N5O8: C, 67.39; H, 5.52; N, 9.58. Found: C. 66.78; H, 5.64; N, 9.24. 
35 To a suspension of the blocked tripeptide (12.6g, 17.6mmol) in ethanol (150mL) 

was added water, until the mixture became very tuibid (about 150mL). The resulting 
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mixture was shaken with palladium chloride (1.56g. S.Smmol) under an atmosphere of 
hydrogen (5 atm) for 16h. The catalyst was removed by fihration through a phig of 
CeHte® and the filtrate was concentrated to remove volatile organic materials The 
remainder was lyophilized to give 8.30g of white powder. This material was dissolved in 
water, filtered through a 0.2ni nylon membrane and lyophilized to give 6.27g (87%) of 
the desired tripeptide dihydrochloride as a fi-ee-flowing white powder: [a]D 5 !<> (c 2 0 
water); Ir NMR (500MHz, DMSO-de) d 8.71 (IH, d, J = 7.9), 8 49 (IH, d J = 7 8)' 
8.21 (IH, s), 7.30-7.22 (4H. m). 7.20-7.15 (IH. m), 7.12 (IH. s). 4.54 (lH.'br q J ~ 
7.1), 4.37 (IH, m), 3.86 (IH, q, J = 6.8). 3.12 (IH, dd, J=4.3, 13.8), 3.05-2 90 (2H.' m) 
2.88 (IH, dd, J=9.5, 13.8), 1.27 (3H, d, J = 6.8); 13c NMR (125MHz. DMSCM6) d 
173.5. 169.9, 169.5. 138.1. 134.2, 130.5, 129.2. 128.2. 126.4. 117.8. 54.4. 52 5 48 0 
36.8, 28.5, 17.2. " ' " ' 



Example 4 

Synthesis of rTlvcvl-L-Histiriv^ .L-Glutamtr. Ar?H 
To a stirred solution of N^'-BOC-N^-CBZ-L-histidine (9.74g. 25.0mmol) and 
N-methylmoipholine (5.8mL, 5.3g. 52.5mmol) in tetrahydrofuran (50niL) at .15°C was 
added isobutyl chlorofi)niiate (3.4mL, 3.6g, 26.3mmol). After 2 min. glutamic acid 
dibenzyl ester tosjdate (12.5g. 25.0mmol) was added. The reaction mixture was stirred 
20 at -15'C fi>r 1.5h and then allowed to warm to O^C. At this time the reaction was 
quenched by the addition of 2M aqueous potassium bicarbonate. The products were 
extracted with ethyl acetate (3 x 150mL). The combined extracts were washed with IM 
citric add (3 x lOOmL). water. 2M KHCO3 (3 x lOOmL). water, and brine. The 
resulting sohition was dried over sodium sulfite, filtered, and evaporated to give 15.2g 
25 (87%) of the blocked dipeptide as a white semi-solid (R^ = 0.74 10% 
methanol/dichloromethane). which was used in the fi)Howing transformation ^thout 
fiirther purification. 

A solution of the t-butyloxycarboriyl protected dipeptide (15.1g, 21.6mmoI) in 
35% trifluoroacetic acid/dichloromethane (150mL) was stirred l/2h at room 
30 temperature. The resulting solution was concentrated in vacuo and neutralized with 2M 
aqueous potassium bicarbonate. The product was extracted into ethyl acetate (3 x 
150niL). The combined extracts were dried over sodium sulfite, filtered, and 
evaporated to give 14.8g (ca. 100% + entrained solvent) of the free-amino compound as 
a white soUd: B/= 0.48 (10% methanol/dichloromethane). 

To a stirred solution of N-CBZ-glydne (5.23g. 25.0mmol) and N- 
methyfaiorpholine (3.0mL, 2.8g. 27.5ramol) in tetrahydrofiiran (50mL) at .15»C was 
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added isobutyl chloroformate (3.4mL, 3.6g, 26.3mmol). After 2min. a solution of the 
suitably protected dipeptide (12.9g, 21.6mmoO in tetrahydrofuran (SOmL) was added. 
The reaction mixture was stirred at -15°C for 1.5h and then allowed to warm to 0®C, At 
this time the reaction was quenched by the addition of 2M aqueous potassium 
5 bicarbonate. The products were extracted with ethyl acetate (3 x 100mL)..The 
combined extracts were washed with IM citric acid (3 x lOOraL), water, 2M KHCO3 (3 
X lOOmL), water, and brme. The resulting solution was dried over sodium sulfate, 
filtered, and concentrated to a syrup, which was diluted with absolute ethanol, and kept 
overnight at -20°C. The resulting precipitate was coUected on a filter to afibrd 9.93g 

10 (58%) of the blocked tripeptide as a white solid (Rf =0.58, 10% 
methanol/dichloromethane): mp 114-116°C. Anal. Calcd. for C43H43N5O10: C, 65.39; 
H, 5.49; N, 8.87. Found: C, 64.93; H, 5.56; N, 8.41. 

To a suspension of the blocked tripeptide (9.6g, 12.2mmol) in ethanol (150mL) 
was added water, until the mixture became veiy turbid (about 150mL). The resulting 

15 mixture was shaken with palladium chloride (2.22g, 12.5mmol) under an atmosphere of 
hydrogen (5 atm) for 16h. The catalyst was removed by filtration through a plug of 
Celite® and the filtrate was concentrated to remove volatile organic materials. The 
remainder was lyophilized to give 4.72g of white powder. This material was dissolved in 
water, filtered through a 0.2m nylon membrane and lyophilized to give 4.64g (93%) of 

20 the desired tripeptide dihydrochloride as a fi-ee-flowing white powder: [a]D -16.6^ (c 
2.0, water); Ir NMR (5OOMH2, D2O) d 8.65 (IH, s), 7.35 (IH, s), 4.77 (IH, m), 4,46 
(IH, m), 3.88 (2H, s), 3.28 (IH, dd, J=15,3, 6.1), 3,21 (IH, dd, J=15.3, 8.0), 2.47 (2H, 
m), 2.21 (2H, m), 2,00 (2H, m); l^c NMR (125MHz, D2O) d 179.9, 177.3, 174.3, 
169.8, 136.5, 130.8, 120.4, 55.6, 54.9, 43.3, 32.8, 29.3, 28.5; Anal. Calcd for 

25 C13H21CI2N5O6: C, 37.69; H, 5.11;N, 16.91; CI, 17.12. Found: C, 37.23; H, 5.07; N, 
16.01; CI, 17,95. 

Example 5 

Synthesis of Glvcvl-L>Hisridvl-L>Phenvlalanine 
30 To a stirred solution of N^-BOC-N''w.CBZ-L-histidine (9.74g, 25.0mmol) and 

N-methyhnorphoIine (5.8mL, 5.3g, 52.5mmol) in tetrahydrofuran (50mL) at -15X was 
added isobutyl chloroformate (3.4mL, 3.6g, 26.3mmol). After 2 min. phenylalanine 
benzyl ester tosylate (10.7g, 25.0mmol) was added. The reaction mfacture was stirred at 
-15^C for l.Sh and then allowed to warm to O^C. At this time the reaction was 
35 quenched by the addition of 2M aqueous potassium bicari}onate. The products were 
extracted with ethyl acetate (3 x 150mL). The combmed extracts were washed with IM 
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citric acid (3 x lOOinL), water, 2M KHCO3 (3 x lOOmL), water, and brine. The 
resulting solution was dried over sodium sulfate, filtered, and evaporated to give 13. Og 
(83%) of the blocked dipeptide as a white semi-solid (Kf = 0.79, 10% 
methanol/dichloromethane), which was used in the following transformation without 
5 further purification. ^ f 

A solution of the t-butyloxycarbonyl protected dipeptide (12.9g, 20.6mmol) in 
35% trifluoroacetic acid/dichloromethane (ISOmL) was stirred l/2h at room 
temperature. The resuliting solution was concentrated in vacuo and neutralized with 2M 
aqueous potassium bicarbonate. The product was extracted into ethyl acetate (3 x 
10 ISOmL). The combined extracts were dried over sodium sulfate, filtered, and 
evaporated to give 12.3g (ca. 100% entrained solvent) of the fi'ee-ammo compound as 
a white solid: Kf= 0.50 (10% methanol/dichloromethane). 

To a stirred solution of N-CBZ-glycine (5,23g, 25,0mmo!) and N- 
methyhnorpholine (3.0mL, 2.8g, 27.5mmol) in tetrahydrofiiran (50mL) at -15X was 

15 added isobutyl chloroformate (3.4mL, 3.6g, 26.3mmol). After 2min. a solution of the 
suitably protected dipeptide (lO.Sg, 20.6mmol) in tetrahydrofuran (50mL) was added. 
The reaction mbcture was stirred at *15°C for 1.5h and then allowed to warm to O^C. At 
this time the reaction was quenched by the addition of 2M aqueous potassium 
bicart>onate. The products were extracted with ethyl acetate (3 x lOOmL). The 

20 combined extracts were washed with IM citric add (3 x lOOmL), water, 2M KHC03(3 
x lOOmL), water, and brine. The resulting solution was dried over sodium sul&te, 
filtered, and evaporated to give 14.0g (95%) of the blocked tripeptide as a white solid 
(R^= 0.64, 10% methanol/dichloromethane), which was reciystallized fi^om absolute 
ethanol to give a firee-flowing white powder. 

25 To a suspension of the blocked tripeptide (6.0g, 8.3mmol) in ethanol (150mL) 

was added water, until the mixture became very turbid (about 150mL). The resulting 
mixture was shaken with palladium chloride (1.47g, 8.3mmol) under an atmosphere of 
hydrogen (5 atm) for 16h. The catalyst was removed by filtration through a plug of 
Celite® and the filtrate was concentrated to remove volatile organic materials. The 

30 remainder was lyophilized to give 1.46g of white powder. This material was dissolved in 
water, filtered through a 0.2m nylon membrane and lyophilized to give 1.3 8g (38%) of 
the desired tripeptide dihydrochloride as a fi"ee-flowing white powder: [ajj) -7.5^ (c 
1.0, water); IrNMR (500MHz, D2O) d 8.59 (IH, s), 7.39-7.25 (5H, m), 7.21 (IH, 5), 
4.70 (IH, br t, J = 7), 3.80 (2H, s), 3.24 (IH, dd, J=14.0, 5.5), 3.16 (IH, dd, J=15.4, 

35 6.9), 3.10 (IH, dd. J=15.4, 7.4), 3.03 (IH, dd, J=14.0, 9.1); 13c NMR (125MHz, 
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DMS0-d6) d 172.7, 169.5, 166.0, 137.6, 133.3, 129.2, 128.9, 128.3, 126.5, 116.8, 
53.9, 51.8, 40.1, 36.4, 27.3. 

Example 6 

5 Synthesis of Glvcvl-L-Histidvl-L-LvsvM-Phenvlalamne 

To a stirred solution of N^-BOC-N^'^-CBZ-L-lysine (9.5g, 25.0mmol) and N- 
methylmoipholine (5,8mL, 5.3g, 52.5mmol) in tetrahydrofuran (50mL) at -IS^'C was 
added isobutyl chloroformate (3.4mL, 3.6g, 26.7mmol). After 2min. phenylalanine 
ben2yl ester tosylate (10.7g, 25.0niniol) was added. The reaction mixture was stirred at 

10 -15'^C for 1.5h and then allowed to warm to O^C. At this time the reaction was 
quenched by the addition of 2M aqueous potassium bicarbonate. The products were 
extracted with ethyl acetate (3 x 150mL). The combined extracts were washed with IM 
citric acid (3 x lOOmL), water, 2M KHCO3 (3 x lOOmL), water, and brine. The 
resulting solution was dried over sodium sulfate, filtered, and evaporated to give 17.76g 

15 (ca. 100% + entrained solvent) of the blocked dipeptide as a white solid (1^= 0.84, 10% 
methanol/dichloromethane), which was used in the following transformation without 
further purification. 

A solution of the t-butyloxycarbonyl protected dipeptide (15.4g, 25.0nmiol) in 
35% trifluoroacedc acid/dichloromethane (150mL) was stirred l/2h at room 

20 temperature. The resulting solution was concentrated in vacuo and neutralized with 2M 
aqueous potassium bicarbonate. The product was extracted into ethyl acetate (3 x 
lOOmL). The combined extracts were dried over sodmm sul&te, filt^ed, and 
evaporated to ^ve 15.8g (ca. 100% + entrained solvent) of the free-amino compound as 
a wMte semi-solid: R/'= 0.55 (10% methanol/dichloromethane). 

25 To a stirred solution of N^-BOC-N^^-CBZ-L-histidine (9 74g, 25.0mmol) and 

N-methylmorpholine (3.0mL, 2.8g, 27,5mmol) in tetrahydrofuran (50mL) at -15**C was 
added isobutyl chloroformate (3.4mL, 3,6g, 26.7mmol). After 2min. a solution of the 
suitably protected dipeptide (12.9g, 25.0mmol) in tetrahydrofiiran (SOniL) was added. 
The reaction mbcture was stirred at -15**C for 1.5h and then aUowed to At 

30 this time the reaction was quenched by the addition of 2M aqueous potassium 
bicaibonate. The products were extracted with ethyl acetate (3 x ISOmL). The 
combined extracts were washed with IM citric add (3 x lOOmL), water, 2M KHCO3 (3 
X lOOmL), water, and brine. The resulting solution was dried over sodium sulfate, 
filtered, and evaporated to give 20.58g (93%) of the blocked tripeptide as a vdiite semi- 

35 solid (Bf- 0.67, 10% methanol/dichloromethane), v/hich was used in the following 
transformation without further purification. 
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A solution of the t-butyloxycarbon^ protected tripeptide (20.5g, 23.1mmoQ in 
35% trifluoroacetic acid/dichloromethane (ISOmL) was stirred l/2h at room 
temperature. The resuhing solution was concentrated in vacuo and neutralized with 2M 
aqueous potasaum bicarbonate. The product was extracted into ettqrl acetate (3 x 
5 ISOmL). The combined extracts were dried over sodium sul&te, filtered,^ and 
evaporated to give 20.5g (ca. 100% + entrained soh^ent) of the free-amino compound as 
a v^te solid: Bf= 0.51 (10% methanol/dichloromethane). 

To a stirred solution of N43BZ-glycine (7.24g, 34.6mmoI) and N- 
methyhnorpholine (4.2mL, 3.9g, 38.1mmo0 in tetrahydrofiiran (50mL) at -15X was 

10 added isobutyl chloroformate (4.7niL, S.Og, 36.3nimol). Afler 2min. a solution of the 
suitably protected tripeptide (18.2g. 23.1mmol) in 1:1 
tetrahydrofiiran/dim^j^ormamide (50mL) was added. The reaction mixture was stirred 
at -15°C for 1.5h and then allowed to warm to 0*C. At this time the reaction was 
quenched by the addition of 2M aqueous potasaum bicaibonate. The products were 

15 extracted witii etiiyi acetate (3 x 150mL). The combined extracts were washed with IM 
citiic add (3 x lOOmL), water, 2M KHC03(3 x lOOmL), water, and brine. The resulting 
solution was dried over sodium sulfete, filtered, and evaporated to give 21. 6g (95%) of 
the blocked tetrapeptide as a white solid (Rf= 0.85, 10% methanol/dichlorometiiane), 
which was used in the following transformation t^thout fiirther purification. 

20 To a suspension of the blocked tetrapeptide (21.5g, 21.9mmol) in ethanol 

(ISOmL) was added water, until the mixture became very turbid (about 125niL). The 
resulting mixture was shaken with palladium chloride (3.89g, 21.9mmol) under an 
atmosphere of hydrogen (5 atm) for 16h. The reaction mbrture became clear withm 
about l/2h, v*ich may indicate completion of the reaction. The catalyst was removed by 

25 filtration and the filtrate was evaporated to give 13.7g of colorless semi-solid. This 
material was dissolved in water and lyophilized to ^e 11. 5g (94%) of the desired 
tetrapeptide dihydrochloride as a fi-ee-flowing white powder: -12.40(c 2.0, H2O); 
1h NMR (500MHz, D2O) d 8.72 (IH. d, J=7.7), 8.40 (IH, d, J=7.8), 8.00 (IH, s), 
7.30-7.19 (5H, m), 7.01 (IH, s), 4.62 (IH, br q, J=4.7), 4.44 (IH, m), 4.22 (IH, br q, 

30 J=4.9), 3.58 (2H. s). 3.10-2.90 (4H, m). 2.72 (2H, t, J=7.3), 1.65-1.20 (6H, m). 

Example 7 

.^g ynthesis of Glvcvl-L-Histid^d-L-Lvsvl-L-Phenvlalanvl-L-Phenvlalanine 
To a stirred solution of N^-BOC-L-phenylalanine (10.6g, 40.0mmol) and N- 
35 methyhnoipholine (4.8mL, 4.5g, 44.0mmol) in tetrahydrofiiran (50mL) at -15*C was 
added isobutyl chloroformate (5.5mL, 5.7g, 42.0mmol). After 2min. a solution prepared 
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by mixing phenylalanine benzyl ester tosylate (17.1g, 40.0ininol), tetrahydrofiiran 
(50mL), and N-methylmorphoIine (4.4mL, 4.0g, 40.0mmol) was added. The reaction 
mixture was stirred at -15°C for 1.5h and then allowed to warm to CC. At this time the 
reaction was quenched by the addition of 2M aqueous potassium bicarbonate. The 
5 products were extracted with ethyl acetate (3 x 150mL). The combined extracts were 
washed with IM citric acid (3 x lOOmL), water, 2M ECHCOs (3 x lOOmL), water, and 
brine. The resulting solution was dried over sodium sulfate, filtered, and evaporated to 
give 19.8g (98%) of the blocked dipeptide as a white solid (R/" = 0.98, 10% 
methanol/dichloromethane). 

10 A solution of the t-butyloxycarbonyl protected dipeptide (19.7g, 39.2mmol) in 

35% trifluoroacetic acid/dichloromethane (ISOmL) was stirred l/2h at room 
temperature. The resulting solution was concentrated in vacuo and neutralized with 2M 
aqueous potassium bicarbonate. The product was extracted into ethyl acetate (3 x 
lOOmL). The combined extracts were dried over sodium sulfete, filtered, and 

15 evi4)orated to give 19.3g (ca. 100% + entramed solvent) of the fi-ee-aniino compound : 
Bf= 0.65 (10% methanol/dichloromethane). 

To a stirred sohition of N"-BOC-N*"-CBZ-L-lysine (15.2g, 40.0nimol) and N- 
mediyhnorpholine (4.8niL, 4.5g, 44.0mmol) in tetrahydrofiiran (lOOniL) at -15°C was 
added isobutyl chlorofoimate (5.5niL, 5.7g, 42.0mmol). After 2inin. tiie protected 

20 dipeptide (15.8g, 39.2nimoI) was added. The reaction mixture was stirred at -15'C for 
l.Sh and then allowed to warm to OX. At this time the reaction was quenched by the 
addition of 2M aqueous potassium bicaibonate. The products were extincted with ethyl 
acetate (3 x ISOmL). The combined extracts were washed with IM citric add (3 x 
lOOmL), water, 2M KHCO3 (3 x lOOmL), water, and brine. The resulting solution was 

25 dried over sodium sul&te, filtered, and evaporated to ghre 29.9g (98%) of the blocked 
tripq)tide as a \vbitt solid (R/= 0.84, 10% metiianol/dichtoromethane). 

A soluti(m of the t-bu^oxycari)onyI protected tripeptide (lS.4g, 25.QmmoI) in 
35% trifluoroacetic acid/dichloromethane (300mL) was stirred l/2h at room 
ten^erature. The resulting sohition was concentrated in vacuo and noitralized with 2M 
30 aqueous potasaum bicarbonate. The product was extracted into ethyl acetate (3 x 
lOOmL). The combined extracts were dried over sodium sul&te, filtered, and 
evjqiorated to give 28.7g (ca. 100% + entrained solvoit) of the fi^e-amino compound as 
a flu£^ white solid: 1^= 0.72 (10% metiianol/dichlorometfaane). 

To a stirred solution of N«-BOC-N*"-CBZ-L-histidine (15.6g, 40.0mmol) and 
35 N-methyhnorpholine (4.8mL, 4.5g, 44.0inmol) in tetrahydrofiiran (80mL) at -IS^C was 
added isobutyl chloroformate (5.5mL, 5.7g, 42.0mmol). After 2nun. a solution of the 
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suitably protected tripeptide (12.9g, 2S.0minol) in dimethylfonnamide (SOmL) was 
added. The reaction niixture was stirred at -IS^C for l.Sh and then allowed to warm to 
O^C. At this time the reaction was quenched by the addition of 2M aqueous potassmm 
bicarbonate. The products were extracted with ethyl acetate (3 x ISOmL). The 
5 combined extracts were washed with IM citric acid (3 x lOOroLX water, 2M KHCO3 (3 
X lOOmLX water, and brine. The resulting solution was dried over sodium sulfate, 
filtered, and evaporated to ^ve 29. Ig (72%) of the blocked tetrapeptide as a white solid 
(Rf- 0.97, 10% methanol/dichloromethane). 

A solution of the t-butylo3^caibonyl protected tetrapeptide (29. Ig, 28.Qnmiol) in 

10 35% trifluoroacetic acid/dichloromethane (300mL) was stirred l/2h at room 
temperature. The resulting solution was concentrated in vacuo and neutralized with 2M 
aqueous potasaum bicarbonate. The product was extracted into ethyl acetate (3 x 
ISOmL). The combmed extracts were dried over sodium sulfate, filtered, and 
evaporated to ^ve 28.4g (ca. 100% + entrained solvent) of the fi^ee-ammo compound as 

15 a white solid. 

To a stirred solution of N-CBZ-glycine (7.32g, 35.0mmol) and N- 
mediyhnorpholine (4.2mL, 3.9g, 38.1mmol) in tetrahydroiuran (lOOmL) at AS^C was 
added isobutyl chloroformate (4.8mL, S.Og, 36.7mmoI). After 2min. a solution of the 
suitably protected tetrapeptide (26.3g, 28.0mmol) in 1:1 

20 tetrabydrofuran/dimethylformamide (50mL) was added. The reaction mbcture was 
stirred at -1 5^C for l.Sh and then allowed to warm to 0°C. At this time the reaction was 
quenched by the addition of 2M aqueous potassium bicarbonate. The products were 
extracted with ethyl acetate (3 x ISOmL). The combined extracts were washed with IM 
citric add (3 x lOOmL), water, 2M KHC03(3 x lOOmL), water, and brine. The resulting 

25 solution was dried over sodium sulfate, filtered, and evaporated to give 27.3g (87%) of 
the blocked pentapeptide as a white solid (Rf- 0.95, 10% methanol/dichloromethane). 

To a suspension of the blocked pentapeptide (27.3g, 24.2mmol) in ethanol 
(200mL) was added water, until the mixture became very turbid (about lOOmL). The 
resulting mixture was shaken with paUadium chloride (4.3g, 24.4mmol) under ah 

30 atmosphere of hydrogen (S atm) for 16h. The reaction mixture became clear within 
about l^h, which may indicate completion of the reaction. The catalyst was removed 
by filtration and the filtrate was evaporated to give 14.6g (82%) of the desired 
pentapeptide dihydrochloride as a fi^ee-flowing white powder: [a]D -12.1^(c 2.0, 
methanol). 
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Example 8 
Synthesis of Glvcvl-L-ArginvUL-Lvsme 
To a stirred solution of N^-BOC-N^-nitro-L-arginine (8.0g, 25.0mmol) and N- 
methylmorpholine (3.0mL, 2.8g, 27.5mniol) in tetrahydrofiiran (SOmL) at -15°C was 
5 added isobutyl chloroformate (3.4niL, 3.6g, 26.3mmol). After 2min. a solution of L- 
(N^w^BZ)lysine benzyl ester hydrochloride (10.2g, 25.0mmol) and N- 
methyhnorpholine (2.8mL, 2.5g, 25.0mmol) in tetrahydrofiiran (30niL) was added. The 
reaction mixture was stirred at -15^C for 1.5h and then allowed to warm to 0°C, At this 
time the reaction was quenched by the addition of 2M aqueous potasaum bicarbonate. 

10 The products were extracted with ethyl acetate (3 x 150mL). The combined extracts 
were washed with IM citric acid (3 x lOOmL), water, 2M KHCO3 (3 x lOOmL), water, 
and brine. The resulting solution was dried over sodium sul&te, fihered, and evaporated 
to give 16.3g (97%) of the blocked dipeptide as a white solid (Bf = 0.57, 10% 
methanol/dichloromethane). 

15 A solution of the t-butyloxycarbonyl protected dipeptide (16.3g, 24.3mmol) in 

35% trifluoroacetic acid/dichloromethane (150mL) was stirred for l/2h at room 
temperature. The resulting solution was concentrated in vacuo and neutralized with 2M 
aqueous potassium bicarbonate. The product was extracted into ethyl acetate (3 x 
lOOmL). The combined extracts were dried over sodium sul&te, filtered, and 

20 evaporated to give IT.Og (ca. 100% + entrained solvent) of the free-amino compound as 
a white semi-solid: 1^== 0. 12 (10% methanol/dichloromethane). 

To a stirred solution of CBZ-glycine (7.32g, 35.0mmol) and N- 
methylmorpholine (4.2mL, 4.0g, 38.5mmol) in tetrahydrofiiran (50mL) at -15X was 
added isobutyl chloroformate (4.8mL, 5.0g, 36.8mmol). After 2min. a solution of the 

25 protected dipeptide (13. 9g, 24.3mmol) in tetrahydrofiiran (50mL) was added. The 
reaction mbcture was stored at -15^C for 1.5h and then allowed to warm to OX. At this 
time the reaction was quenched by the addition of 2M aqueous potassium bicarbonate. 
The products were traded with ethyl acetate (3 x ISOmL). The combined extracts 
were washed with IM dtric acid (3 x lOOmL), water, 2M KHC03(3 x lOOmL), water, 

30 and brine. The resulting solution was dried over sodium sulfate, filtered, and evaporated 
to give 17.7g (95%) of the blocked tripeptide as a white solid (Kf = 0.51, 10% 
methanol/dichloromethane). 

To a suspension of the blocked tripq)tide (I7.7g, 23.2mmol) in ethanol (250mL) 
was added water, until the mbcture became very turbid (about lOOmL). The resulting 

35 mbcture was shaken with palladium chloride (4.25g, 24.0mmol) under an atmosphere of 
hydrogen (5 atm) for 18h. The catalyst was removed by filtration and the filtrate was 
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evaporated to give a white semi>soUd. This material was dissolved in water, filtered 
through 0.4Sin nylon syringe filters, and lyophilized to give 10.2g (ca. 100%) of the 
deared tripeptide dihydrochloiide as a white powder: -14.6** (c 2,. water); 
NMR (500MH2, D2O) d 8.81(1H. br s), 8.30(1H, br s), 7.92(1H, br s), 4.37(1H, br s), 
5 3.96(1H. d, J=4.8), 3.58(2H, d, J=8.8), 3.13(2H, br s), 2.74(2H, br s), 1,90-1.2QC10H, 
m); 13c NMR (125MH2, D2O) d 175.2. 1705, 166.9, 157.5. 115.0. 53.7, 52.6, 31.4. 
29.2, 27.8, 26.8. 25.0, 22.5, 19.1. 

10 L.Alanvl-L-Histidvl-L-Lvsine 

AHK may be obtained as an acetate salt from Bachem Bioscience Inc., 
Philadephia, Pennsylvania (Catalog No. #-1555). Alternatively, AEDC may be 
synthesized as the dihydrochloride salt by the following procedure. 

To a stirred solution of N^-BOC-N'^-CBZ-L-histidine (9.74g, 25.Qmmol) and 

15 N-methylmorpholine (5.8mL, 5.3g, 52.5mmoI) in tetrahydrofuran (50mL) at -15X was 
added isobutyl chloroformate (3.4mL, 3.6g, 26.3mmoi). After 2min. (N-e-CBZ>L-lysine 
benzyl ester l^drochloride (10.2g, 25.0mmol) was added. The reaction mixture was 
stirred at -15X for 1.5h and then allowed to warm to O^C. At this time the reaction was 
quenched by the addition of 2M aqueous potassium bicarbonate. The products were 

20 extracted with ethyl acetate (3 x 15QmL). The combined extracts were washed with IM 
dtric add (3 x lOQmL), "WBttc, 2M KHCO3 (3 x lOOniLX water, and brine. The 
resulting solution was dried over sodium sul&te, filtered, and ev2q)orated to ^ve 17.2g 
(93%) of the blocked dipeptide as a wMte semi-solid (B/ ^ 0.61, 10% 
methanol/dichloromethane), vMch was used in ihe following transformation without 

25 iiirther purification. 

A solution of the t-butyloxycarbonyl protected dipeptide (17.2g, 23.2nmiol) in 
35% trifluoroacetic add/dichloromethane (ISOmL) was stirred iy2h at room 
temperature. The resulting sohition was concentrated in vacuo and neutralized vnib 2M 
aqueous potasaum bicarbonate. The product was extracted into ethyl acetate (3 x 

30 150mL). The combined extracts were dried over sodium sulfate, filtered, and 
evs^orated to ^ve 16.8g (ca. 100% + entrained solvent) of the free-amino compound as 
a white solid: Bf- 0.26 (10% methanol/dichloromethane). 

To a stirred solution of N-CBZ-L-alanine (6.28g, 25,0nunol) and N- 
methyhnorpholine (3.0mL, 2.8g, 27.5mmol) in tetrahydrofuran (50mL) at -^15*^C was 

35 added isobutyl chloroformate (3.4mL, 3.6g, 26.3nimol). After 2min. a solution of the 
above protected dipeptide (14.9g, 23.2mmol) in tetrahydrofuran (50mL) was added. 
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The reaction mixture was stirred at -15**C for 1.5h and then aDowed to warm to 0**C. At 
this time the reaction was quenched by the addition of 2M aqueous potassium 
bicarbonate. The products were extracted with ethyl acetate (3 x ISOmL). The 
combined extracts were washed with IM dtric acid (3 x lOOmL), water, 2M KHC03(3 
5 X lOOmL), water, and brine. The resulting solution was dried over sodium sulfete, 
filtered, and evaporated to a syrup, fi-om which the blocked tripeptide was precipitated 
by dHution with 95% ethanol (300mL). The resulting material was coUected on a filter, 
washed with 95% ethanol and dried to give a white solid: (Rf = 0.49, 10% 
methanol/dichloromethane); mp 151-153®C. 

10 To a suspension of the blocked tripeptide (21. 5g, 21.9mmol) in ethanol (200mL) 

was added water (about 200mL). The resulting mixture was shaken with palladium 
chloride (4.25g, 24.0mmol) under an atmosphere of hydrogen (5 atm) for Ih. The 
resultmg mixture, in which the bulk of the material (other than the catalyst) became 
dissolved, was filtered and the filtrate was concentrated in vacuo to remove volatile 

15 organics. The remaining aqueous solution was lyophilized to give 10.88g of a white 
solid. This material was dissolved in water, filtered through a 0.2m nylon membrane, 
and, again, lyophilized to give 10.50g (99%) of the desired tripeptide dihydrochloride as 
a white powder: [a]D •4.430(c 3, H2O); ^HNMR (500MHz, DMSO-de) d 8.73 (IH, 
d, J - 7.8), 8.45 (IH. d, J = 7.5), 8.09 (IH. s). 7.08 (IH, s), 4.59 (IH, dd, J = 5.4, 7.5), 
20 4.12 (IH, m), 3.88 (IH, q, J - 6.9), 3.03 (IH, dd, J « 15.0, 4.8), 2.96 (IH, dd, J « 15.0, 
7.7), 2,74 (2H, t, J = 7.5). 1.76-1.68 (IH, m), 1.66-1.51 (3H, m), 1.4M,21 (2H, m), 
1.32 (3H, d, J = 7.0); l^c NMR (125MH2, DMS0.d6) d 174,0, 169.9, 169.5, 134.2, 
130.5. 117.8, 52.6, 52.5, 48.0, 38.4, 30.3, 28,2, 26.5, 22.4, 17.2. 

25 Example 10 

Synthesis of Peptide-Copper Complexes 
at Various Molar Ratios of Peptide to Copp er 

A. Peptide-Copper Complex at a 2: 1 Molar Ratio 

A sohitidn of AHK was prepared by dissolving 2.6954 (0.0065 mole) of the 

30 AHK acetate (Bachem Bioscience Inc.) in approximately 10 ml of distilled water. The 
initial pH of this AHK solution was 6.71. Separately, a solution of copper(II) chloride 
was prepared by dissolving 0.4479 gm (0.0033 mole) of anhydrous copper(n) chloride 
in approxunatety 2.0 ml of distilled water. The copper(II) chloride solution was slowfy 
added to the rapidly stirring AHK solution and the pH was constantiy monitored wth a 

35 pH meter. After all the copper(II) chloride solution was added, the combmed solution 
pH was 3.83. The pH was then adjusted to 7.16 by the slow addition of a solution of 
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0.5 M NaOH, and the final volume was adjusted to 20.0 ml by addition of distilled 
water. This procedure yielded an aqueous solution containing AHK:Cu at a molar ratio 
of peptide to copper of 2:1, and at a concentration of 10 mg/ml. The solution was a 
dark blue-purple and had a characteristic absorption maximum at S63 to 580 nm. 

5 B. Peptide-Copper Complex at a 2: 1 Molar Ratio 

AHK was prepared as the dihydrochloride salt as described in Example 9. A 
solution of AHK was prepared by dissolving 0.6388 gm (0.00146 mole) of L-alanyl-L- 
histidyl-L-lysine hydrochloride in approxfanately 5 ml of distilled water. The initial pH of 
this AHK solution was 2.45. Separately, a solution of copper(II) chloride was prepared 

10 by dissolving 0.0967 gm (0.0007 mole) of anhydrous copper(II) chloride in 
approximately 1.0 ml of distilled water. The copper(II) chloride solution was slowly 
added to the rapidly stirring AHK solution and the pH was constantly monitored with a 
pH meter. After all the copper(II) chloride solution was added, the combined solution 
pH was 2.36. The pH was then adjusted to 7.05 by the slow addition of a solution of 

15 0.5 M NaOH, and the final volume was adjusted to 20.0 ml by addition of distilled 
water. This procedure yielded an aqueous solution containing AHK:Cu at a molar ratio 
of peptide to copper of 2:1, and at a concentration of 10 mg/ml. The solution was a 
dark blue-purple and had a characteristic absorption maxunum at 563 to 580 nm. 

C. Peptide-Copt)er Complex at a 1 . 1 : 1 Molar Ratio 

20 AHK was prepared as the dihydrochloride salt as described in Example 9. A 

solution of AHK was prepared by dissolving 1.6144 gm (0.0037 mole) of L-alanyl-L- 
histidyl-L-lysine hydrochloride in approximately 10 ml of distilled water. The initial pH 
of this AHK solution was 2.70. Separately, a solution of copper(II) chloride was 
prqjared by dissolving 0.4267 gm (0.0032 mole) of anhydrous copper(n) chloride in 

25 approximately 2.0 ml of distilled water. The copper(n) chloride solution was slowly 
added to the rapidly stirring AHK solution and the pH was constantly monitored with a 
pH meter. After all the copper(II) chloride solution was added, the combined solution 
pH was 2.14. The pH was then adjusted to 6.89 by the slow addition of a solution of 
0.5 M NaOH, and the final volume was adjusted to 20.0 ml by addition of distilled 

30 water. This procedure yielded an aqueous solution contaming AHKiCu at a molar ratio 
of peptide to copper of 1.1:1, and at a concentration of 7.5 mg/ml. The solution was a 
daric blue-purple and had a characteristic absorption maximum at 593 nm, and a broad 
peak at 586 to 607 nm. 
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D. Peptide-Copper Complex at a 1:1 Molar Ratio 

A solution of AHK was prepared by dissolving 1.3007 gm (0.0007 mole) of 
AHK acetate (Bachem Biosceince Inc.) in approximately 5 ml of distilled water. The 
initial pH of this AHK solution was 6.95. Separately, a solution of copper(n) chloride 
5 was prepared by dissolving 0.0966 gm (0.0007 mole) of anhydrous copper(II) chloride 
in approximately 2.0 ml of distilled water. The copper(II) chloride solution was slowly 
added to the rapidly stirring AHK solution and the pH was constantly monitored with a 
pH meter. After all the copper(II) chloride solution was addeid, the combined solution 
pH was 2.91, The pH was then adjusted to 7.08 by the slow addition of a solution of 
10 0.5 M NaOH, and the final volume was adjusted to 15.0 ml by addition of distilled 
water. This procedure yielded an aqueous solution containing AHK:Cu at a molar ratio 
of peptide to copper of 1:1, and at a concentration of 10 mg/ml. The solution was a 
dark blue-purple and had a charaaeristic absorption maxunum at 595 nm, and a broad 
peak at 584 to 612 nm. 

Example 1 1 

Stimulation of Hair Growth bv Representative Copper-Peptide Complexes 

The following example illustrates the stimulation of hair growth in warm-blooded 
animals after intradermal injection of representative peptide-copper complexes of this 
20 invention. 

In this experiment, the backs of C3H mice (60 days old, telogen hau- growth 
phase) were closely clipped on day 1 using an electric clipper. A sterile saline solution 
containing the indicated peptide-copper complex was then injected intradennally (i.e., 
infiltrated under the skin) at two locations within the clipped areas of the mice. Injection 

25 at two locations provided two test locations within the clipped area of each mouse. 
Each injection (0.1 ml) contained between 0.36 to 0.55 mg of the peptide-copper 
complex within the sterile saline solution. A group of saline injected mice (0. 1 ml) 
served as controls. Following injection of the peptide-copper complexes, indications of 
hair growth were seen within 10 days. The first visual signs were a darkening of the skin 

30 in a circular region surrounding the injection site. The size of this region is generally 
dose dependent, increasing with an increase in dose. The 0.1 ml injections used in this 
experiment produced a circle of hair growth measuring approximately 0.5 cm^ to 5 0 
cm2 in diameter. Active hair growth occurred between 14-20 days following injection, 
with a ma?dmum eflfect seen by day 29. Both the number of mice growing hair at the 

35 injection dte and the diameter of the hair growth region were determined at day 21. A 
positive response was expressed as the number of mice exhibiting hair growth at the 
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injection sites compared to the total number of mice injected in the study. The results of 
this experiment are presented in Table 4 below (the day of onset is the day at which hair 
follicle pigmentation was first observed): 

Table 4 

5 Stimulation of Hair Growth bv Peptide-Copper Complexes 



Peptide-Copoer Comolex 


Molar Ratio 


Dose 


Number of 


Davof 




(peptide to 


rmg/injection) 


Animals 


Onset 




copper) 




Growing Hair 




GHE:F:Cu 


2:1 


0.36 mg 


4/5 


10 


PHKF:Cu 


2:1 


0.43 mg 


5/5 


10 


(N-methyl)GHKVFV:Cu 


2:1 


0.55 mg 


5/5 


10 


GHKVF.Cu 


2:1 


0.43 mg 


5/5 


10 


SALINE 






0/5 


NA 



Example 12 

Stimulation of Hair Growth bv Representative Peptide-Copper Complexes 
The following example illustrates the stimulation of hair growth in warm-blooded 
10 animals after intradermal injection of representative peptide-copper complexes of this 
invention. 

As in Example 11 above, the backs of C3H mice (60 days old, telogen hair 
growth phase) were closely clipped on day 1 using an electric clipper. A sterile saline 
solution containing the indicated peptide-copper complex was then injected intradermally 

IS (i.e., infiltrated und^ the skin) at two locations within the clipped areas of the mice. 
Injection at two locations provided two test locations within the clipped area of each 
mouse. Each injection (0. 1 ml) contained between 0.75 to l.S mg of the peptide-copper 
complex within the sterile saline solution. A group of saline injected mice (0.1 ml) 
served as controls. Following injection of the peptide-copper complexes, indications of 

20 hair growth were seen within 10 days. The first visual »gns were a dailcening of the skin 
in a drcular re^on surrounding tiie injection site. The size of this region is generally 
dose dependent, increa^ng with an increase in dose. The 0.1 ml injections used in this 
experiment produced a circle of hair growth measuring i4)proximateIy 0.5 cm^ to 5 cm^ 
in diameter. Active hair growth occurred between 14-20 days following injection, with a 

25 maximum efifect seen by day 29. Both the number of mice growing hair at the injection 
ate and the diameter of the hair growth re^on were detennined at day 21. A positive 
response was expressed as the number of mice exhibiting hau* growth at the injection 
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sites compared to the total number of mice injected in the study. The results of this 
experiment are presented in Table 5. 

Table 5 

Stimulation of Hair Growth bv Peptide-Copper Complexes 



ptide-Copper 
L^mpjcx 


Molar Ratio 
ipcpuoe lO 

copper) 


Dose 
1 ui^mjeciion i 


Number of 
/uuniais 
Growing Hair 


Area of Hair 
vjTo win . 


PHK:Cu 


2:1 


1.00 


2/5 


> 1 cm diameter 


GHL'Cu 


2:1 


1.50 


3/4 


> 1 cm diameter 


GHE:Cu 


2:1 


1.50 


2/4 


> 1 cm diameto* 


PHA:Cu 


2:1 


1.50 


1/4 


< 1 cm diamet^ 


PHF:Cu 


2:1 


0.75 


4/4 


> 1 cm diamet^ 


PHL:Cu 


2:1 


1.50 


2/4 


< 1 cm diameter 


AHK:Cu 


2:1 


0.75 


1/4 


< 1 cm diameter 


AHRCu 


2:1 


1.50 


4/4 


> 1 cm diameter 


VHK:CU 


2:1 


0.75 


3/4 


< 1 cm diameter 


VHK:CU 


2:1 


1.50 


4/4 


> 1 cm diameter 



Example 13 

Stimulation of Hair Growth by Peptide-Copper Complexes 
Containing D-Amino Acids 

10 This example illustrates the stimulation of hair growth in warm-blooded animals 

by intradennal injection of AHK:Cu (1.1:1) utiUang a D-ambo adds inplace of the 
naturally occuring L-amino add. 

In this experiment, the backs of C3H mice (60 d^s old, tdogen hair growth 
phase) were closely clipped on day 1 uang an dectric clipper. A sterile saline solution 

IS containing AHK:Cu (l. 1:1), or AHK:Cu (1.1:1) containing a D-amino add, was then 
iqected intradermally Q.e., infiltrated under the sldn) at two locations within the clipped 
areas of the mice. Injection at two locations provided two test locations within the 
clipped area of each mouse. Each injection (0.1 ml) contained either 1.2 or 1.8 ^moles 
per injection of peptide-copper complex in the sterile saline solution. A group of saline 

20 ii^ected mice (0.1 ml) served as controls. FoUowmg injection of peptide copper 
complex, indications of hah* growth were seen within 10 days. The first visual agns 
w^e a darkening of the skin m a drcular re^on surrounding the injection ate. The size 
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of this region is generally dose dependent, increasing with an increase in dose. The 0.1 
ml injections used in this experiment produced a drcle of hair growth measuring 
approximately 0.5 cm^ to 5 cm^ in diameter. Active hair growth occurred between 14- 
20 days following injection, with a maximum cflFect seen by day 29. 

The degree of hair growth was determined by measuring the total area of;hair 
growth at the two injection sites. The data from this experiment is presented in Table 6. 



Table 6 



10 





Containing 


D-Amino Adds 




Peptide-Copper 


Molar Ratio 


Dose 


Area of Hair Growth 


Complex 


^peptide to 


rumolesper 






WPper) 


injection) 




AHK:Cu 


1.1:1 


1.2 


3.07 ±0.76 


AHK:Cu 


1.1:1 


1.8 


3.24 ±1.17 


AH-(D)K:Cu 


1.1:1 


1.2 


3.30 ±0.30 


AH-(D)K:Cu 


1.1:1 


1.8 


3.94 ±0.35 


(D)A-HK:Cu 


1.1:1 


1.2 


1.88 ±0.57 


(D)A-HK:Cu 


1.1:1 


1.8 


2.68 ±0.49 



The table above illustrates that the substiturion of D-amino acids for a 
corresponding L-anuno adds dose not effect the hair growth activity of the peptide 
copper complexes. 

15 

Example 14 

Stimulation of Hair Growth bv Topical Application 
of a Peptide-Copper Complex 
This example illustrates the stimulation of luur growth in warm*blooded animals 
20 by topical application of a peptide*copper comply. In this experiment, tdogen cycle 
female C3H mice (60-65 days old) were prepared by clipping thdyr posterior dorsal 
re^on (i.e., day 1). Topical application of peptide-copper complexes was performed 
twice per day (Nfonday«Friday) using a cotton-tipped applicator vMoh delivered 
^^proximately 0.1 ml per treatment. The topical formulation used in tlus e>q)eriment 
25 contamed the following components: 
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Peptide copper Complex 0. 1 -0. 5% (Ww) 

Sterile Water 16.9-16.5% (w/w) 

Propylene Glycol 50.0% (w/w) 

Ethanol 30.0% (w/w) 

5 Nonoxynol-9 3.0% (w/w) 

Topical application of the above formulation continued until the onset of follicle 
pigmentation, which proceeds the emei;gence of the hair shaft. Measurement of the 
degree of response was performed using digital image analysis at weekly intervals, 
beginning at day 14. Data was expressed as the percent treatment area response u^g 
10 the following equation: 

% treatment area = (growth area/treatment area) x 100 
For comparison purposes to illustrate the effect of hydrophobic amino acid 
residues on hair growth after topical application, AHKrCu was compared to AHF:Cu. 
In this experiment, topical formulations containing AHKrCu (Ll:l) and AHF:Cu (1.1:1) 
15 were prepared at a concentration of 0.5% and 0.1% (w/w) as indicated above. Hair 
growth response (i.e., "Percent Treatment Area") was determined at day 20, day 27 and 
at day 34. The results of this experiment are presented in Table 7« 



Table? 



Peptide- 
Copper 
Complex 


Molar Ratio 
(peptide to 
copper) 


Concentration 


Day 


Percent Treatment 
Area 


AHK:Cu 




0.1% 


20 


1.29 ±1.29 


AHK:Cu 




0.1% 


27 


23.07 ± 18.84 


AHKrCu 




0.1% 


34 


90.14 ±2.96 


AHK:Cu 




0.5% 


20 


75.87 ±7.64 


AHK:Cu 




0.5% 


27 


100 


AHK:Cu 




0.5% 


34 


100 


AHF:Cu 




0.1% 


20 


0.00 


AHF:Cu 




0.1% 


27 


0.00 


AHF:Cu 




0.1% 


34 


12.91 ± 12.91 


AHF:Cu 




0.5% 


20 


55.05 ±17.44 


AHFiCu 




0.5% 


27 


100 


AHF:Cu 




0.5% 


34 


100 
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The data presented in Table 7 illustrates that peptide-copper complexes 
containing hydrophilic reffldues (i^e.^ lysine amino acid of AHKiCu) are more active in 
stimulating hair growth than dmilar peptides containing hydrophobic amino acid residues 
(i.e., the phenylalanine amino acid of AHF:Cu) following administration by tc^ical 
S administration. This is in contrast to administration by injection i^ere peptide*copper 
complexes containing hydrophilic residues are less active than than similar peptides 
containing hydrophobic amino acid residues. 

Example 15 

10 Stimulation of Hair Growth bv Intraperitoneal Injection 

of Peptide-Copper Complexes 
The following experiment ilhistfates the maintenance of hair follicle viability (i.e., 
growth) by intraperitoneal (systemic) injection of the peptide-copper complex 
GHKVFV:Cu during treatment with the chemotherapeutic agent cyto^e arabinoside 
15 (Ara-C). 

In this experiment, Sprague-Dawley rat pups (age 8 days) were maintained in 4 
litters (n=10/litter) for the duration of this study. On day 0, litters received 
intraperitoneal (P) injections of GHKVFV:Cu (2:1) in a sterile saline solution, or a 
saline control (1 injection per animal, 0. 1 ml per injection). On day 1, all animals began a 
20 series of 7 consecutive daily IP injections with Ara-C (50 mg/kg). On day 8, all animals 
were evaluated for the extent of hairloss (alopecia) using the following rating scale: 

Grade Degree of Alopecia 

0 Normal (no loss of hair) 

1 Slight thinning 

25 2 Moderate thinning 

3 Sparse hair cover 

4 Total loss of hair 

Ara-C injections caused significant hair loss by day 5-6 in most animals. In order 
to evaluate the eflfect of GHKVFV:Cu, the degree of hairloss was evaluated daily. 

30 Injection of GHK\TV:Cu at a dosage of 50 mg/kg caused a mild retention of hair on the 
body of the test anhnals. This was' primarily seen on the head, with sparse remaining hair 
on the body. This was in contrast to the saline control (+Ara-C) group which showed 
total hair loss. Table 8 presents the results of this experiment as evaluated on day 8 using 
the previously described rating scale, with the ^'Degree of Alopecia'* being expressed as 

35 the average response for all animals. 
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Table 8 



Peptide-Copper Dose per Animal Dosage n = Degree of 

Complex iniection (me) Cmg/ke') Alopecia (mean^ 

Saline Only — 0.0 10 0.0 

Saline + Ara-C — 0.0 10 4.0 

GHKVFV:Cu + Ara-C 1.00 50 10 3.0 



The observation of retmned hair was confinned histologically on day 8. Of the 
5 animals recieving 50 mg/kg of GHKVFV:Cu, approximately 30-40% of dorsal hair was 
found to be in anagen, compared to 5-10% for animals receiving saline + Ara-C alone. 
Saline control animals not recieving Ara-C had 100% anagen follicles. 

Example 16 

10 Stimulation of Hair Growth bv Intradermal Iniection 

of Peptide-Copper Complexes 
The following experiment illustrates the localized maintenance of hair follicle 
viability (i.e., growth) by intradermal (local) injection of the peptide-copper complex 
AHK:Cu during treatment with the chemotherapeutic agent cytosine arabmoside (Ara- 
15 C). 

In this experiment, Sprague-Davdey rat pups (age 8 days) were maintained in 5 
litters (n=10-ll/litter) for the duration of this study. On day 0, litters received 
intradermal (ID) injections of AHK:Cu (1:1) in a sterile saline solution, or a saline 
control (1 injection per animal, 0.05 ml per injection). Each litter contained 2 normal 

20 control ammals where no AHKrCu or Ara-C was administered O e., saline only). On day 
1, designated animals began a series of 7 consecutive daily intraperitoneal (IP) injections 
with Ara-C (25 mg/kg). On day 10, all animals were evaluated for the extent of hairloss 
(alopecia) at the mjection sites using the rating identified in Example 15. 

Ara-C injections caused significant hair loss by day 5-6 in most animals. In order 

25 to evaluate the stimulatory effect of AHKiCu, the degree of hauioss was evaluated at the 
injection site daily. AHK:Cu mjection generally caused a retention of hah- in a 0.25 cm 
radius around the injection site, most notably in the 0.1 to 0.5 mg dose groups. Table 9 
presents the results as evaluated on day 10 usmg the previously described rating scale, 
with the the "Degree of Alopeda" bring ejqjressed as the average response seen at the 

30 site of injection. 
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Table 9 



Peptide-CooDer 


Dose per 


Animal 


as 


Degree of Alooecia 


Complex 


injection (mz) 






(mean) 






(mg/kg) 






Saline Only 




0.0 


8 


0.00 


Saline + Ara-C 




0.0 


8 


4.00 


AHK:Cu + Ara-C 


0.05 


3.5 


8 


3.25 


AHK;Cu + Ara-C 


0.10 


7.0 


8 


2.38 


AHK:Cu + Ara-C 


0.25 


17.5 


9 


1.44 


AHK:Cu + Ara-C 


0.50 


35.0 


9 


1.11 



The observation of retained hair within the area of AHK:Cu iigection was 
5 examined histologically. WhDe normal appearing and functioning anagen hair follicles 
were seen at the injection site of AHKrCu, follicles located away from the iigection were 
dystrophic and non-fimctional (disruption of the integrity of inner and outer root sheaths, 
and displaced hair shafts). These data confirm the gross observations of normal hair 
follicle fiinction within the site of AHK:Cu injection, and illustrate the stinmlatoiy effisct 
10 of AHK-Cu on tiie hair follicle xMch maintains the active growth cycle duiiqg 
chemoth^py treatment. 

From the foregoing, it will be appreciated that, although specific embodiments of 
the nwention have been described herein for purposes of ilhistration, various 
15 modifications may be made without deviating from the spirit and scope of the invention. 
Accordingly, the invention is not to be limited except as by the appended daims. 
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Claims 

1. A composition for use as an active therapeutic substance comprising a ^ 
peptide-copper complex having the structure: 

[Rl.R2-R3]:copper(II) 

wherein is an amino acid or amino acid derivative; R2 is histidine, argirune or a derivative 
thereof, and R3 is at least one amino acid or amino acid derivative joined to R2 by a peptide 
bond, with the proviso that Rj is not glycyl, alanyl, seryl or valyl when R2 is histidyi or 
(3*methyl)histidyl and R3 is lysine, lysyl-prolyl-valyl-phenylalanyl-valine, lysyl-val^- 
phenylalanyl-valine, lys^-tryptophan, or lysyl-(glycyl)i.2-tryptophan, and with the further 
proviso that Rj is not lysyl when R2 is histidyi or (3-methyl)histidyl and R3 is glycine, glycyl- 
prolyl-valyl-phenylalanyl-valine, glycyl-valyl-phenylaJanyl-valine, glycyl-tryptophan, or glycyl- 
(glycyl)i.2*tryptophan, and a pharmaceutically acceptable carrier or diluent. 

2. The composition according to claim 1 wherein K\ is an amino add. 

3. The composition according to claim 1 wherein R2 is histidine. 

4. The composition according to claim 1 wherein R3 is at least one amino 

acid. 

5. The composition according to claim 1 wherein R3 is an amino acid. 

6. The composition according to claim 1 wherein administration of the 
peptide-copper complex is by topical administration. 



amino acid, 
amino acid. 



7. 



8. 



The composition according to claim 6 wherein Rj is a hydrophilic 
The composition according to claim 6 wherein R3 is a hydrophilic 
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9. A composition for use as an active therapeutic substance comprising a 
peptide-copper complex having the structure: 

[Rl.R2]:copper(n) 

wh^ein Ri is ah amino acid or an amino acid derivative; and R2 is histidine, arginine or a 
derivative thereof, and a pharmaceutically. acceptable carrier or diluent. 



10. The composition according to claim 9 wherein R] is an amino acid. 

1 1. The composition according to claim 9 wherein R2 is histidine. 

12. The composition according to claim 9 wherein Rj is a hydrophilic 



amino acid. 



13. A composition for use as an active therapeutic substance comprising a 
peptide-copper complex having the structure: 



[Rl-R2-R3]:copper(II) 

herein Rj is an amino acid or amino acid derivative; R2 is histidine, ai^ginine or a derivative 
thereof; and R3 is a chemical moiety joined to R2 by an amide bond, wherein R3 is not an 
amino acid or amino acid derivative, and a pharmaceutically acceptable carrier or diluent. 

14. The composition according to clsum 13 wherein R] is an amino acid. 

15. The composition according to claim 13 wherein R2 is histidine. 

16. The composition according to claim 13 wherein R3 is selected from the 
group consisting of -NH2, alkylamino moieties having from 1-20 cari)on atoms, and arylamino 
moieties having from 6-20 carbon atoms. 

17. The use of a peptide-copper complex according to any of claims 1-16 
for the manufacture of a medicament for stimulating hair growth on an animal in need thereof 
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18. The use according to claim 17 wherein the ammal has a hair-loss 
affliction selected from the group consisting of androgenetic alopecia, alopecia areata, female 
pattern baldness and secondary alopecia. 

19. The use according to claim 18 wherein the hair-loss affliction is 
androgenetic alopecia. 

20. The use according to cl^m 18 wherein the hair loss affliction is 
secondaiy alopeda. 

21. A method for stimulating hair growth on an animal in need thereof, 
comprising admiiustering to the animal an effective amount of a peptide-copper complex 
according to any of claims 1-16. 

22. The method of claim 18 wherein administration of the peptide-copper 
complex is by topical administration. 
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